We investigate the electroweak phase transition (EWPT) in the Minimal (One Higgs doublet) Standard Model (SM) with account for the spontaneous generation of magnetic and chromomagnetic fields. As it is known, in the SM for the mass of a Higgs boson greater than 75 GeV, this phase transition is of the second order. But, according to Sakharov's conditions for the formation of the baryon asymmetry in the early Universe, it has to be strongly of the first order. In the Two Higgs doublets SM, there is a parametric space, where the first-order phase transition is realized for the realistic Higgs boson mass H = 125 GeV. On the other hand, in the hot Universe, the spontaneous magnetization of a plasma had happened. The spontaneously generated (chromo) magnetic fields are temperature-dependent. They influence the EWРT. The color chromomagnetic fields 3 and 8 are created spontaneously in the gluon sector of QCD at a temperature > higher the deconfinement temperature . The usual magnetic field has also to be spontaneously generated. For close to the , these magnetic fields could change the kind of the phase transition. K e y w o r d s: electroweak phase transition, standard model, deconfinement.
Introduction
In the Early Universe, there are many phase transitions. The most important is EWPT, when particles acquired masses. Other important problem is baryogenesis.
As is well known, in the Minimal Standard Model (MSM) of elementary particles, EWPT is of the first order for the mass of a Higgs boson less than 75 GeV. For greater masses, it is of the second order. Experiments give H = 125 GeV. Sakharov [1] proposed the conditions for generation of the asymmetry between baryons and antibaryons. Today, they are formulated as three baryogenesis conditions. According to them, the phase transition should be strongly of the first order. So, Sakharov's conditions are violated.
Another important property of non-Abelian gauge fields at high temperatures is a spontaneous vacuum magnetization. It is closely related to the asymptotic freedom, which happens due to a large magnetic moment of charged color gluons (gyromagnetic ratio = 2). In fact, the asymptotic freedom at high temperatures is always accompanied by the background sta- ble, temperature-dependent, and long-range chromomagnetic fields [2] .
The magnetization phenomenon was investigated in the SU(3) gluodynamics in detail [3] , and the supersymmetric theories [4, 5] were developed by analytic methods and in the SU(2) gluodynamics [6, 7] by Monte-Carlo simulations on a lattice. In all these cases, the spontaneous creation of magnetic fields was bdetected. Within the application to the early Universe, the spontaneous vacuum magnetization in the electroweak sector of the standard model was described in [8] .
At the LHC experiments, a new matter, namely, phase-quark-gluon plasma (QGP), has to be produced in heavy ion collisions. The deconfinement phase transition (DPT) temperature is expected to be of the order of ∼180-200 MeV. In theory, the investigation of the DPT and QGP properties were carried out by different method -analytic perturbative and nonperturbative.
In papers [9, 10] , we have shown that, due to the vacuum polarization of quark fields by the color magnetic fields 3 and 8 existing in the QGP after DPT, the usual magnetic field can be generated for temperatures < < EWPT . The field is temperature-dependent and occupies a large plasma volume as the fields 3 and 8 [3] .
In the present paper, we will investigate the influence of the magnetic and chromomagnetic fields spontaneously created after DPT on EWPT. The magnetic fields could realize Sakharov's conditions in MSM and change the behavior of phase transitions as in the superconductivity. The proper time representation is used. The effective potential of the external fields ( , 3 , 8 , , ) with one-loop plus daisy diagrams accounting for the gluons and all quark flavors at finite temperatures is calculated. This field configuration is stable due to the daisy diagram contributions, which cancel the imaginary terms presenting in the one-loop effective potential of charged gluons (1) 
To estimate the field strengths, the asymptotic high temperature expansion derived by Mellin's transformation technique is applied [2, 11] .
Effective Potential of MSM with Magnetic Fields at Finite Temperatures
The spontaneous vacuum magnetization has been derived from the investigation of the effective potential (EP) of covariantly constant(soursless) chromomagnetic fields = 3 , which is a solution to the classical Yang-Mills field equation, where = const, and is an isotopic index,
It includes the tree-level and one-loop parts. The minimum of the EP at a high temperature corresponds to the nonzero magnetic field. The Lagrangian of the boson sector of the Salam-Weinberg model is
where the following standard notations are introduced:
The vacuum expectation value of the field Φ is
The fields of -, ± -bosons, and photons are
For the investigation of EWPT, according to [9, 13] , the EP is
To compute the EP (1) in the background magnetic fields, let us introduce the proper time, andrepresentation for the Green functions:
To incorporate the temperature into this formalism, the connection between the Matsubara Green function and the Green function at the zero temperature is needed:
where is the corresponding function at = 0, = 1/ , = (0, 0, 0, 1), [ ] denotes an integer part of 4 / , = 1 in the case of physical fermions, and = 0 for bosons and ghost fields. The one-loop contribution to EP is given by the expression
where stands for the propagators of all the quantum fields ± , , ... in the background magnetic field .
The term with = 0 in Eqs. (8) and (9) gives the zero-temperature expression for the Green function and EP, respectively. In the quark sector of EP, we have the mixing of external magnetic and chromomagnetic fields, according to [9] . The next linear combinations are appear
They are included in the quark part of EP
In our calculations, , 3 , and 8 are parameters. To investigate EWPT, we need to calculate EP as a function of at some constant temperature and for different temperatures, to look after the behavior of the symmetry, and to find the values of parameters, which minimize EP.
Numerical Results
For numerical calculations, we use the following dimensionless parameters: 
After the calculation, we should find the minimum value depending on , 3 , 8 , and for a fixed temperature.
The strength of generated fields at the energy minimum is shown in Table. The most important point is the next one -we have nonzero chromomagnetic and magnetic fields and a negative value of EP. The magnetic field is two orders less than the chromomagnetic one.
In Figs. 1 and 2 , the behavior of the symmetry is shown. We have minimum of EP with a nonzero scalar field. The symmetry is restored at high temperatures. The critical temperature is obtained near EWPT = 365 GeV.
Conclusions
In our calculations, we applied the consistent approximation for the effective potential accounting for the one-loop plus daisy diagrams. It includes the terms of the order ∼ 2 and ∼ 3 and makes the potential real due to the cancellation of the imaginary terms. That is sufficient at high temperatures because of small couplings.
The most interesting observation of the above investigation is twofold. First, as the temperature grows, the magnetic field strengths are increased. Second, simultaneously, the value of the effective potential at the minimum is negative.
Really, as we have noted already, the asymptotic freedom at high temperatures has always to be accompanied by the temperature-dependent background magnetic fields [2] .
As it follows from the obtained results, the strong chromo(magnetic) fields of the order 3.8 ∼ 10 18 -10 19 G and ∼ 10 16 -10 17 G must be present in QGP [9] . This influences all the processes happening and may serve as the distinguishable signals of DPT. Due to the magnetization, in particular, all the initial states of charged particles have to be discrete ones. These fields are present at higher temperatures, as the deconfinement appears. At temperatures close to EWPH , the strengths are 5 order higher than for the deconfinement temperature.
We have demonstrated that EWPT in MSM has the critical temperature near 360 GeV, and the nonzero magnetic and chromomagnetic fields should be spontaneously generated as well. In Fig. 1 , we see that there is no reheating phase. This illustrates that the phase transition is of the second type, and Sakharov's conditions are not satisfied. So, even with magnetic and chromomagnetic fields, the phase transition is of the second order.
As was shown in [12] , the Sakharov conditions can be satisfied in the parametric space of the Two Higgs doublet Standard Model without background magnetic fields.
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